of tetraethylummonium on the active cation transport system of the red blood cell.
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1968.-The effect of TEA (the tetraethylammonium ion) on aspects of cation transport in the human red blood cell has been determined. In addition to competitively inhibiting the potassium influx, TEA competitively inhibits the potassium-activated sodium outflux. The effect of TEA is reversible since it can be washed from the cells after they have been exposed to it, TEA substitutes for potassium in that it inhibits a part of the sodium influx as does potassium, and it inhibits the binding of ouabain to the cells when both TEA and ouabain are present simultaneously, an effect which is also achieved by potassium. These results suggest that TEA combines with some component of the cation transport system, either at the potassium-sensitive sites or at some other site, and so alters the configuration of the system that it is unable to carry out cation transport or bind ouabain.
TEA; sodium; potassium T HE TETRAETHYLAMMONIWM ION (TEA) has been of considerable interest in neurophysiology because of its ability to modify the characteristics of the action potential and to alter transmembrane potassium movements under certain circumstances.
Evidence has also been presented (9) that TEA inhibits the active flux of potassium into the human red blood cell. On the basis of the kinetic behavior of the active potassium influx in the presence of TEA, it was concluded that the inhibitory effect is competitive with extracellular potassium. The mechanism by which the competitive inhibition is effected was not determined.
It is possible that TEA interacts with the active cation transport system either at the potassiumsensitive sites or at some other site, and that the interaction of the ion with the system is inhibited by prior interaction of potassium with the system. Alternatively, it is possible that TEA occludes "channels" in the cell membrane through which potassium moves, thereby restricting the approach of the potassium ion to the active trans- NaCl solution, and were used as appropriate.
Measurements of unidirectional sodium outflux and potassium influx were made as previously described ( 10). Sodium influx was measured by following the appearance in the cells over a 1-hr period of 24Na placed in the extracellular solution; the mechanics and timing involved were the same as previously described ( 10) for the measurement of potassium influx. However, since the sodium outflux rate constant is considerably greater than the sodium influx rate constant, a correction for backdiffusion of isotope must be applied in calculating the sodium influx. The relation used for this purpose was:
where 24Na, is the intracellular concentration of isotopic sodium, 24Nas is the extracellular concentration of sodium, ikNa is the rate constant for sodium influx (i.e., the number by which the extracellular sodium concentration is multiplied to yield the value of the sodium influx), and okxn is the rate constant for sodium outflux (i.e., the number by which the intracellular sodium concentration is multiplied to yield the value of the sodium outflux).
Since 24Na, is constant over the course of measurement, and assuming that ik Na and okra are both constant during the experimental period, this can be integrated to yield:
where 24Na, is the intracellular concentration of isotope at any time t. OkN,? was obtained using cells which were treated in a manner identical to that in which the cells used in the influx measurements were treated, except that -3 be possible to incubate cells in the presence of TEA, remove the cells from the presence of the ion, and wash off the TEA effect. Cells were preincubated for 1 hr at 37 C in the presence of 142 mM TEA, and a second portion of cells was incubated in an identical solution except that TEA solution was replaced by isosmotic MgC&-sucrose solution. The cells were then separated from the solutions, washed three times in isosmotic NaCl solution, and the potassium influx at 0. Figure 1 shows the results of an experiment in which the sodium outflux was measured at varying concentrations of potassium and in the presence or absence of a constant concentration of TEA; when TEA Cl solution was absent, it was replaced by a solution consisting of 75 % isosmotic MgC12 solution and 25 % isosmotic sucrose solution. 'kNa, the rate constant for sodium outflux (i.e., the number by which the intracellular sodium concentration is multiplied to yield the sodium outflux), is pIotted on the ordinate and the extracellular potassium concentration is plotted on the abscissa* TEA competitively inhibits the portion of the sodium outflux which is stimulated by potassium, and therefore does not substitute for potassium in this aspect of transport. When potassium is absent, the value of %N, in the presence of TEA (.llO hr-l SEM .012, N = 5) does not differ significantly from the value of okNa in the absence of TEA (.I 19 hr-l SEM ,014, N = 5).
If (.26-.37). Th ere ore, f TEA does not irreversibly inhibit the active transport system. Table 1 demonstrates the results of an experiment in which the effect of TEA on the sodium influx was determined. Measurements were made at three extracellular potassium concentrations and in the presence or absence of TEA; %Na, the rate constant for sodium influx, is the number by which the extracellular sodium concentration is multiplied to give the value of the sodium influx.
is the number by which the extracellular potassium concentration is multiplied to yield the potassium influx. The cells preincubated in the presence of ouabain ( 1W7 M) and in the a .bsence of pota ssium exhibi t a marked depression in the subsequently deter mined potassium influx ; potassium influx is not significantly lowered in subsequent measurement.
This finding is similar to that previously reported by Hoffman (7). Preincubation in the presence of ouabain and in the presence of 144 IT1M. TEA similarly yields cells in which the potassium influx is not reduced. TEA, therefore, prevents the establishment of ouabain inhibition of the transport system as does potassium.
Po tassi ported urn bY inhibits the sodium Glynn ( 5), and tetrae influx, as has *thylammonium been resimilarly reduces it. However, the effect of TEA does not appear to be additive to that of potassium. In this instance, therefore, TEA appears to produce the same effect as does potassium. Table 2 presents the results of an experiment designed to determine the effect of TEA on the binding of ouabain to the cells. Cells were washed in isosmotic sodium chloride solution and incubated for 4 hr in a buffered sodium chloride solution containing no substrate in order to deplete intracellular ATP concentrations so that intracellular sodium concentrations will not differ greatly in cells subsequently incubated in solutions of varying cornposition.
Cells were then washed in sodium chloride solution and incubated for 1 hr at 37 C in solutions of the composition listed in Table 2 . The cells were then separated from the solutions, washed three times in isosmotic sodium chloride solu tion, and the potassium influx determined in a buffered sodium chloride solution containing 3.6 mM potassium, 5 mM inosine, 2 rn~ adenine, and 5.5 mM phosphate. % K, the rate constant for potassium influx, The data presented here are more consistent with the proposal that TEA produces its effect on the active transport system by directly interacting with the system rather than by blocking potassium channels and restricting potassium from access to the system. Although the effect of TEA on the potassium-activated sodium outflux is consistent with either proposal, as is the previously reported ( 10) effect of TEA on the potassium influx, it seems that the effects of TEA on the sodium influx and on the binding of ouabain to the transport system must be explained on the basis of a direct interaction of TEA with some component of the system. Since in the absence of TEA these effects require the presence of potassium, it does not seem reasonable that TEA mimics the effect of potassium by restricting the access of potassium to the svstem.
The mode of interaction of TEA with the active transport system is unclear.
It is possible that TEA interacts with the potassium-sensitive sites and so alters the configuration of the system that in addition to failing to transport sodium outward and potassium inward, it also fails to facilitate the inward movement of sodium in the absence of potassium and to bind ouabain.
In this ca,e, the potassium-TEA competition would be directly at the potassium-sensitive sites. Alternatively, TEA might interact with the system at some site other than the potassium-sensitive site and alter the system so that the functions of sodium and potassium transport and ouabain binding do not occur. In this case, the potassium-TEA competition might arise if TEA were able to interact with the system in its potassium-free configuration, but not in its configuration when it has interacted with potassium. The data do not allow one to distinguish between the two possibilities.
It might be pointed out, however, that the ionic radius of the TEA ion, which apparently exists unhydrated in solution, is 4.0 A which is considerably larger than the hydrated ionic radius of the potassium ion (8). This might incline one to predict that TEA is interacting with some site other than the potassium-sensitive sites. The effects of TEA on neural preparations seem to be of two types. In the squid axon, TEA acts only from inside the membrane and reduces the outward potassium conductance only ( 1, 2). The characteristics of the system led to the hypothesis that TEA acts by plugging specific potassium channels, and that it can be swept out of the channels by inwardly moving potassium ( 1) . With nodes of Ranvier of Ram, however, TEA acts from the outside, and elicits a depression of potassium conductance in either direction.
The effect of TEA is reversible, and the data suggest that it binds to a receptor on the outside surface of the membrane (6). The effects of the agent on the red cell membrane seem more similar to its effect in Rana nodes in that it apparently combines reversibly and from the outside with a system involved in cation movements and sensitive to extracellular potassium. The similarity suggests that components of varying transport systems may have structural characteristics in common. It seems reasonable that any substance such as TEA which interacts with the active transport system to inhibit its ability to perform its sodium-potassium exchange function might also so alter it that it will no longer interact with ouabain.
The relation between the sodiumpotassium transport system and the potassium-inhibited sodium influx is not, however, so readily apparent.
